This short account summarizes recent results obtained in the coordination chemistry of phosphinines and emphasizes their analogy with CO ligands. Reduced complexes can be easily assembled through the reaction of reduced 2,2'-biphosphinine dianions with transition metal fragments. Theoretical calculations were performed to establish the oxidation state of the metal in these complexes. Though many reduced complexes are available, phosphinines proved to be too sensitive toward nucleophiles to be used as efficient ligands in most catalytic processes. However, the high electrophilicity of the phosphorus atom can be exploited to synthesize phosphacylohexadienyl anions which exhibit a surprising coordination chemistry.
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The coordinative abilities of doubly or triply bonded systems also attracted a lot of attention since the discovery of the first phosphametallocene by Mathey and co-workers in 1975.
[3] Since then, a considerable number of structures involving π-cordination of P=C or P≡C based systems have been reported and the domain rapidly expanded over the last ten years. Significant applications have also emerged especially in the area of homogeneous catalysis using complexes of aromatic phosphorus heterocycles such as phospholide anions. [4] All these developments have found their origin in the complementary nature of carbon and phosphorus. Indeed, though at first sight phosphorus and carbon could be considered as very different elements with regards to their coordination states, both elements exhibit a remarkable combination of σ and π electronegativity. In fact, even if phosphorus is less electronegative than carbon, its π-electronegativity was shown to be more important than that of carbon especially when both elements are involved in a doubly or triply bonded system.
This specific electronic situation implies that ligands incorporating P=C systems present a close analogy with strong π-acceptor ligands such as carbonyl. Indeed, a simple molecular orbital diagram clearly shows that the LUMO of P=C ligands is closer to that of CO than to that of classical N=C based ligands. The main orbital coefficient is localized on the element which is directly bound to the metal. Obviously, P=C systems exhibit a weaker π-accepting capacity since they essentially behave as monodimesional π-acceptor ligands (CO being considered as a bi-dimensional acceptor ligand because of its two available orthogonal π*-orbitals) (Scheme 2).
II. Results and discussion

II.1) Reduced phosphinine transition metal complexes.
The analogy between P=C systems and the carbonyl ligand has been partially explored and exploited so far. Pioneering works were achieved by the group of C. Elschenbroich and our group over the last decade. The discovery of the first homoleptic phosphinine complexes 3-5 (Ni, [5] Fe, [6] Cr [7] ) can really be considered as the starting point of this new facet of the "phosphorus-carbon analogy" (Scheme 3).
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Reasoning that the strong π-accepting capacity of ligand such as phosphinines could be employed to stabilize transition metal complexes in unusual negative oxidation states, we early launched a program aimed at developing the use of bi and polydentate ligands featuring phosphinines as binding sites. [8] One of the most famous ligand to be reported in this series was the 2,2'-biphosphinines 6 whose synthesis was achieved in 1991.
[9] As expected from theoretical and electrochemical data, these bidentate ligands markedly differ from their nitrogen counterparts, the ubiquitous 2,2'-bipyridines. Whereas 2,2'-bipyridine are well adapted to the coordination of electron-deficient metal centers, 2,2'-biphosphinines clearly favor the coordination of very electron rich or electron excessive metal centers like CO.
Definitive evidences were given by the synthesis of a series of negatively charged biphosphinine complexes of different metals: dianionic homoleptic complexes of group 4 metals 7 were synthesized, [10] monoanionic complexes of group 7 (M = Mn, Re) 8, [11] dianionic complexes of group 8 (M = Fe, Ru) 9, [12] monoanionic complexes of group 9 metals (M = Co, Rh) 10, [13] and a 19 electron nickel(-1) complex 11 was characterized by EPR spectroscopy (Scheme 4). [14] These complexes were obtained using one of the two following methods : a first conventional method proceeds via reduction of preformed complexes with the appropriate number of electrons; a second approach relies on the prior synthesis of a mono radical anion of the biphosphinine or its dianion followed by complexation.
[15] This last method, which had already proven to be very efficient in the coordination chemistry of sulfur and nitrogen ligands, could be extended to phosphorus and provided an access to a wide range of reduced complexes. The existence of such reduced species obviously raises the question of the formal oxidation state of the metal. An interesting example was provided by the synthesis of formally d 10 monoanionic (Co(-1) , Rh(-1)) and dianionic (Ru(-2)) complexes with two biphosphinine ligands. Group 9 complexes adopt a distorted tetrahedral geometry in the solid state and group 8 complex adopts a square planar geometry. Recent theoretical studies [16] have shown that this particular situation is mainly due to the strong π-accepting properties of the biphosphinine ligands. It results in a small energy difference between the tetrahedral conformation (expected for a d 10 -ML 4 complex) and the square planar conformation (expected for a d
In the absence of electrostatic interactions with the counter cation, a distorted tetrahedral geometry was actually found for the group 9 complexes. These calculations also revealed that the weak geometrical preference found for the tetrahedral conformation over the square planar one in the dianionic Ru(-2) complex (3 kcal.mol -1 ) is reversed when interactions with cations occurred. In agreement with the experimental observation, calculations on the sodium complex actually show that the square planar complex 12 is more stable than its tetrahedral isomer 13, the computed energy difference being equal to 19.5 kcal mol -1 (Scheme 5).
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Studies were not limited to biphosphinines and macrocyclic derivatives have also found interesting applications in the stabilization of electron rich metal centers. Thus, it has been shown that a silacalix- [4] -macrocycle could encapsulate a gold(I) center to afford complex 14. Most interestingly, reduction of this complex provided a monomeric gold(0) 15 complex which proved to be stable up to 243 K. The fact that Au-CO decomposes at 70 K clearly suggests that phosphinine-based macrocycles can be considered as phosphorus equivalent of CO matrices. [17] Similarly, it has been showed that Rh(I) macrocyclic derivatives could be reversibly reduced to afford the corresponding Rh(0) and Rh(-1)
complexes.
[18] Interestingly the addition occurs onto the ring which is trans to the less electron donating ligand. [ 
II.3) Phosphacyclohexadienyl anions and their related ligands.
Exploiting the high electrophilicity of the phosphorus atom allowed us to circumvent this limitation. Thus phosphacyclohexadienyl anions 19 which are readily obtained through the reaction of nucleophiles with phosphinines exhibit a surprising reactivity towards metal fragments allowing the synthesis of unusual complexes. Four lithium complexes of these anions, such as complex 20, were characterized by X-ray crystallography. [24] When no cryptand is used, coordination of the lithium occurs through the π-system of the ring. In good agreement with this result, DFT calculations showed the negative charge to be mostly localized on the α-carbon atoms of these anions. An analysis of the charge distribution revealed that the electronic structure of these anions is closer to that of classical pentadienyl anions than to that of their analogs, the cyclohexadienyl anions. Interestingly a Natural Bond
Orbital Analysis (NBO) and the analysis of Wyberg bond indices revealed that no delocalization takes place between the carbocyclic part of the ring and the phosphorus atom.
In such systems, the hydridization of the phosphorus atom lone pair is close to that of classical tertiary phosphines (Scheme 9). Reactions of these anions with transition metal precursors clearly depend on both the nature of the metal fragment and the substitution scheme of the ring. Whereas [ML n X] metal fragments react with anions to yield π-complexes such as the rhodium derivative 21, [25] reaction with [ML n X 2 ] metal fragments (group 10 metals) yield η 2 -complexes such as 22 in which coordination occurs through the P-C bond (Scheme 10 
